Abstract
INTRODUCTION
The groundwater flow plays an important role in various fields like Agriculture, fluid dynamics, Chemical engineering, Environmental problems, Biomathematics and nuclear waste disposal problems. The infiltration phenomenon is useful to control salinity of water, contamination of water and agriculture purpose. Such problems are also useful to measure moisture content of water in vertical one-dimensional ground water recharge and dispersion of any fluid in porous media. Infiltration is a gradual flow or movement of groundwater into and through the pores of an unsaturated porous medium (soil). Infiltration is governed by two forces, gravity and capillary action. While smaller pores offer greater resistance to gravity, very small pores pull water through capillary action in addition to and even against the force of gravity. V´azquez reported that the present model was developed first by Boussinesq in 1903 and is related to original motivation of Darcy [15] . It has been discussed by number of prominent authors from different viewpoints; for example, by Darcy (1856), Jacob Bear (1946) , M. Muskat (1946),
A.E.Scheidegier (1960) and Polubarinova-Kochina P Ya (1962) . In addition, the focus has also been thrown on the groundwater infiltration phenomenon, especially, in homogeneous porous media as well as heterogeneous porous media by Verma(1967) , Mehta & Verma(1977) The present model deals with the filtration of an incompressible fluid (typically, water) through a porous stratum, the main problem in groundwater infiltration. According to Polubarinova-Kochina and Scheidegger AE the moment infiltrated water enters in unsaturated soil; the infiltered water will start developing a curve between saturated porous medium and unsaturated porous medium, which is called water table or water mound [10, 13] . In this investigated model an attempt has been made to measure the height of the free surface of water mound. 
STATEMENT OF THE PROBLEM
Consider reservoir field with water of height 1 m h = = maximum height with impermeable bottom and surrounding of this reservoir is unsaturated homogeneous soil.
To understand infiltration phenomenon in uni-direction, a vertical cross section area of the reservoir with surrounding unsaturated porous medium is considered, as shown in the following figure 1.
Fig-1:
A schema of groundwater infiltration.
The infiltration is a process by which the water of the reservoir has entered into the unsaturated soil through vertical permeable wall. The infiltrated water will enter in unsaturated soil then the infiltered water will develop a curve between saturated porous medium and unsaturated porous medium, which is called water table or water mound. To measure the height of the free surface is the basic purpose of the investigation. To understand this one-dimensional infiltration phenomenon and for the sake of its mathematical formulation, some assumptions have been taken. The governing equation for the height of infiltered water is obtained in the form of a non-linear partial differential equation known as Boussinesq's equation [2] . The scheme for the solution of Boussinesq's equation has been suggested by Klute, Rosenberg and Smith using Finite Difference Methods [5, 11, 12] . Bear explained that atmospheric pressure in dry region by using relation between pressure and height of free surface and velocity of infiltered water can be calculated by Darcy's law [1, 3, and 9] .
MATHEMATICAL FORMULATION
The height of water in the reservoir is assumed as 1 OA = = Maximum height of free surface by ( ) , h x t ( figure   1 ). The height of the free surface is 0 , when
The dotted arc below the curve is saturated by infiltered water and above the curve is dry region of unsaturated porous medium.
The water is infiltered through the height OA , the bottom is assumed impermeable, so water can not flow in downward direction. To develop and understand the mathematical formulation of the infiltration phenomenon it is necessary to impose (consider) the following simplifying assumptions:
The stratum has height infiltrates the soil occupies a region described as
In practical terms, it is assumed that there is no region of partial saturation. This is an evolution model.
Clearly,
the free boundary surface ( )
, h x t is also an unknown of the problem. For the sake of simplicity and for the practical computation after introducing suitable assumptions, the hypothesis of almost horizontal flow, it is assumed that the flow has an almost horizontal speed. Here, the y-component of the velocity of infiltered water will be zero. Here,
, h x t has small gradients. It follows that in the vertical component, the momentum equation will be, [15] 
Neglecting the inertial term (the left-hand side), integration in 
In other words, the pressure is determined by means of the hydrostatic approximation. Now, using mass conservation law and taking a section
Where φ is the porosity of the medium, i.e., the fraction of volume available for the flow circulation, and u is the velocity, which obeys Darcy's law in the form that includes gravity effects On the right-hand lateral surface it is,
While on the left-hand side it is, -u.
Using formula for p and differentiating in x it follows that,
Thus, the governing equation of the phenomenon known as Boussinesq's equation, is obtained as From the expression (6) it follows that
The expression (7) is a nonlinear partial differential equation known as Boussinesq equation, which is required governing equation of the height of free surface of infiltered water in unsaturated porous medium, Vazquez [15] .
NUMERICAL SOLUTION OF THE PROBLEM
To obtain the numerical solution of the equation (7), choose dimensionless variable
Hence, the equation (7) can be written as
The appropriate initial condition to the phenomena may be consider as 
As per Rosenberg, the Crank-Nicolson finite difference scheme is employed to solve equation (8) with the conditions (9) as follows [11] :
Hence, the stability ratio
Choosing the above scheme for 
The expressions (10), (11) and (12) 
5.
NUMERICAL AND GRAPHICAL Hence, we conclude that the Crank-Nicolson finite difference scheme gives numerical solution of the non-linear equation arising in infiltration phenomenon which is consistent with the physical phenomenon which is stable without having any stringent restriction on the stability ratio. 
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